A gas spring piston, Fig. 2 , is attached to the forward end of the post and runs in a close fitting cylinder in the displacer.
This forms an inside-out double-acting gas spring between the displacer and case, (kd) in Fig 2. Gas spring thermal hysteresis and leakage losses also contribute to the displacer-to-case damping, (cd). The displacer's projected expansion space area is larger than that of the compression space by the post or rod area (A,). The thermodynamic cycle pressure acting on this area provides the power necessary to drive the displacer. The power piston separates the thermodynamic working space, above the piston, from the "bounce" space, below the piston. The pressure developed by the thermodynamic cycle acting on the piston area (A0) drives the piston and alternator plunger. The "bounce" space is a weak, but measurable, gas spring between the piston and casing (_). Gas spring thermal hysteresis and leakage losses in the bounce space also contribute to the piston-to-case damping, and current. The operational amplifier driving the MOSFET gates implements the following equality:
where (i) is the instantaneous current, (Ro) is a small current sensing resistance, (Vz) is the output of the voltage control and (k) is the product of the multiplier gain constant and voltage divider factor which is applied to the instantaneous DC bus voltage (v). Thus the circuit appears as a resistance:
connected to the DC bus.
The set point voltage (V,a) for the analog voltage control is determined by the DEC. The DEC acts as a master voltage controller when the DC control load is used.
Either the AC (rms) or the DC bus voltage can be controlled (depending on a jumper (J5) configuration). The control voltage signal is first conditioned by a 7 Hz low-pass filter (F) then compared to the set point to obtain an analog error voltage. The filter output is also digitized by the DEC.
The system includes several "user loads" which can be switched in or out on demand.
They are actuated by the operator via the DEC, however, they are independent of the parasitic control load. Two AC user loads can be connected to the AC bus via solid-state relays. One is connected to a nominal 325W resistive load. The second will be connected to a motor load. A user load can also be connected to the DC bus via a DC relay (CR5). This is presently connected to a nominal 325W resistive load.
An "emergency" load (3.2kW at 115V) can also be connected to the AC bus. This load is sufficient to stop the engine.
For 3) .
The number of (parallel) control loads (N) is determined by linear feedback control algorithm (in software):
where N is the floating point, rather than integer, number of control loads required, Gp is the proportional gain constant and G i is the integral gain constant.
The integer part of N determines the number of coarse load resistances (R¢) to be switched on. The fractional part of N is converted to an integer value of between 0 and 255. This represents the (8 bit) binary load configuration (Re). The power dissipated by the control load (Pc) is then:
where R is the resistance of one coarse load.
DATA ACQUISITION SYSTEM - Figure 4 
where N, is the number of samples recorded (typically 257) and N_ is the number of engine cycles (typically 4) over which the data is to be recorded. This sampling strategy minimizes error in calculated amplitude and phase. The data for each channel is Discrete Fourier Transformed (DFT) to obtain the 1_ harmonic amplitude and phase.
Since the raw data is obtained for an arbitrary time window the phase of each data channel is shifted relative to a reference channel (typically piston position). The phase is corrected to account for time skew between non-simultaneous data channels.
In addition, the mean, RMS and total harmonic distortion for each channel are calculated.
These calculated values are then converted to engineering units, stored along with steady-state data and displayed. and displacer phase vs load voltage. The piston amplitude is proportional to load voltage indicating linear behavior of the alternator and the bounce space gas spring.
However, when extrapolated to zero load voltage the piston amplitude is slightly above zero suggesting that there is some nonlinear behavior. A simpler, and more likely, explanation is that the displacer is rubbing thereby limiting its amplitude to about 7 to 8mm. This latter hypothesis is further supported by the fact that the engine stalls as heater temperature is increased above 650°C. The proportional gain for curve C was 50% higher than curve D. The set point voltage for both were the same. As expected there is a slight curvature in the power vs voltage characteristics and curve C is steeper than D. Curve E shows the influence of adding integral feed-back to the control algorithm. The steady-state behavior is dominated by the integral control resulting in good voltage regulation.
The difference in slope between the load control and FPSE/LA characteristics is an indication of the system stability. The greater this difference is, up to a 90°i ntersection, the more stable the system should be. In fact, the case with integral feed-back was the most stable in that the system was less jittery. -Piston Striling Engines," Proc. Instr. Mech. Engrs., Vol 199, #A3, pp 203-213, 1985 .
CONCLUSIONS

Free
[ 
